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Sir: 



We enclose the following papers, which are not in the English language, for 
filing in the United States Patent and Trademark Office in connection with the above- 
referenced application in accordance with 37 C.F.R. §1 .52(d) and §608.01 of the 
MPEP, Filing of Non-English Language Applications : 



1. Non-English application - 33 pages, including 1 independent claim and 
19 claims total. 

2. Drawings - 1 5 sheets of formal drawings, containing 66 figures. 

3. Information Disclosure Statement and Information Disclosure Citation, 
PTO 1449 with documents attached. 



4. Check in the amount of $690.00 represents the filing fee. 
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This application is being filed under the provisions of 37 C.F.R. § 1.53(f). 
Applicants await notification from the Patent and Trademark Office of the time set for 
filing the Declaration. 

Applicants claim the right to priority based on Japanese Patent Application Nos. 
11-121689, filed on April 28, 1999 and 2000-122018, filed on April 24, 2000. 

An English translation of the non-English language papers will be filed in the 
U.S. Patent and Trademark Office within the required time period. 

Please accord this application a serial number and filing date. 

The Commissioner is hereby authorized to charge any additional filing fees due 
and any other fees due under 37 C.F.R. § 1.16 or § 1.17 during the pendency of this 
application to our Deposit Account No. 06-0916. 
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FINNEGAN, HENDERSON, FARABOW, 
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TITLE OF THE INVENTION 
SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURE THEREOF 
CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the benefit of priority from t 
he prior Japan Patent Applications No. 11-121689, April 28, 1999; and No. 

2000-122018, April 24, 2000, the entire contents of which are incorporat 
ed herein by reference. 

BACKGROUND OF THE INVENTION 

mos ^7>"^^©y-VKwyi«ii:y-hSftii, ztib<Dmzft 

&»ttf^b-f-5o ^IfeMtt^Mbtt, ±l5lfe»^^^5-rs 0 

T^5 0 ^(D^nir^fi, FIG. 1 0 AlC7j*1-<k 5 ^!) 3yife9 l±l: 
y n 9 2 , K w? V K£^tp«£rL<D*° y v- y = i/Jg 9 3 ^Mg&JF^ 

U #y 3^119 3 £^S^^~->^nXLfcfJL FIG. lOBl^f 

=t5^, ^* (o 2 ) ^w^ d pxmmik%n^\ tW9 4&tej&-tz>k\<^o 
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sit, ai®^5if#-r-5^-t:\ »wf4^fp]±-r^ 0 

±fB#^^°n-fe^^. FIG. 1 1A-1 lBC/Tfi^it-^iyf 

>-^«3t^^L-c^in#»{^^^-rSo fig. 1 1 a- 1 1 v-y 

\z. & 5 ® #S * H 1" 5 I^Wf & £ ts] ig-f 3 - t tf s ^ X h 3 o 



£\ KtagEtwwTvt^m^^^y Ytf&mkfrZo m%.&, LPCVDW 
^Lfcv^y (Dm^W^ 5 nmcDv-y & 
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FIG. 12A-12Dlt !J y^7 7^©i*^ifcMt^fX©MO 

s vy^^^^^^m^^-tTMmmm^h^o fig. i2Ati 
Mfiftin o 2, ^- Miffi^^s^y =1^111 o 3, ^yv-y 

3 VS^H 10 4 SrHI^^ci-5o 

fig. i 2Bt^tJ:5t, h&^SK^uu yy^^^w 

b^-^1 0 5 («-»£H;/t2f) £^$1-5 o FIG. 12 

FIG. 12Ct*ti5^ w^F^-yi0 5^^iat 
v" U =3 ^S^II 1 0 4£rRI E (Reactive Ion Etching) ftT^iyf ^/ttv 

FIG. 12D^ti9(^ aofcv/iJnylftI (S iN/^-> 
) 1 0 4 UlLT^y =» ^Sll 0 3 £R I E&txyfy^Lt, U 

fig. i «t 5^ hmm (*°y ->y =^si) 103 

F I G. 1 2B©lStMt5 h(Dmmt, il$t 

,5 0 0 nmSgM'fefcfc, ^Jx.ti 5 0 nmifg^y— b 1 0 3 ^f^TS 
$&-a\ i^v^ b/^-yi 0 5cdt^^ battel 0 £i^5t65vMfifc&5 0 



0 4<Dm%Mb^:% : &WihhZ)o !)y^7 7/f-Sf-el^L#5f 

S i N^-^l 0 4%M&L1t&. S i 

L^U s i N/^ — v l o 4 <z>i|g£j&Hftft;£tt#IB£>*5 n £ ^BH-trfeS 
rtDi^^tg-SSBtra^^ssr^^ oit© K-/^b 

BRIEF SUMMARY OF THE INVENTION 

jf%m<D%m-$, = ^&&xtMm&^ttmmm±fcs<?—~^y stilts 

* & £ Kit -C # -5 *N*#Se*3 «fc ©Mit^flfe Srffi^-T 5 - t T? & 5 0 
^MfSB2cO|i®«^^oTV^§^^#:S« { ^^ fulfil 1 cDfUigi^fiSc £ 



^mm^ha, m^m^k, wm&&T**sy =>^%^&mmm%, 

F I G. 1 3&£XfF I G. 1 4l£H&S£m<£— 0J&^1"o 
SI fc^cbfc^L ±ffi«ttJf £ 9 5 OtOT^^ffl 

±|5W^ffiV^-C2«^^'^bH^§rffofc: 0 loll M/^^H 

tami*. 900 °c, 3 o5h nopa <D^wx*n^>ft 0 

MUfc XUmmnm^v? 7 4 S I MS^^f-CSI^TittSEbfc (SIM 

fig. 1 3tt.mmtfx"?wt4k®m*?T<>itm&<Ds ims©«*. f i 
g. 1 4fe^y^tmm(DU&tf*xmk&m$:ft^tzm&(Ds imscd^jtM 

ryt^T©^!) ^ &itm.m (n 2 o) ^fcte-gHb^* (no) %m 



y =1 >mmt<D^my^n< fts° rom#-et, ^yy^^mn^mit 
®Hb (Dmn ^ i s i iffti ^ ^ ^ ft £ - ^ * s # ^ ° 

^mmmmit cn] / ( [o] + cn] ) ^ 0 %«tt) t>SK i o o%gr»i 

y i'S&f t; ^ n ir ^ Id *5 it 5 £ ft m^fi ft , ^ N / ^ U T £ J^i" 3^*7 
ft 5 0) -C\ ffeW S Sr^6«J B5it T t S J: 5 l - ft S o 
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xfit, tufs^TW^^H/c^^-^^Mffi^nxii^te^b, tufB»xsi^io 

5rtT!8 0 0 o Ci^T»?M.^"C\ >^y =»^^klH<^^®SrVy ^yB:ikB\^$: 

FIG. 1 7 33 £I5F I G. 1 8 ^CO ~ £ ^^~tMW^^<D— MXh% 0 
FIG. 1 7*3j:tfF I G. 1 8 ft, ^rtl^t^ M^fc K7"f Wl% (0 2 ) *3 

£«hwi^v*^ (o 3 ) %m^tcmfcj7fe\z£ vmit^titzyv ^ymtm 

itm& &Tfi*yv ^ymtm&ntbz^ txif^vt^ eu-ssv^-c, r^bim^y 
st^it;: Vvymm (1 o% ) s:fflv>^i^t:^-&-et^:. iooo°c 

ytftlOilJIftl 5nmffcofc 0 — M<km\Z.*S> (ft&l 3 3.32 
2Pa = lTorr) ^fflV^gfefl^SrCf*. MS?a£t£ 8 5 0°C, Wtit^* 
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F I G. 1 7*3«t^F I G. 1 8foh, K^mit^^fc^b^-Cte, ^ 

S i N/^-y^*°!J S/y ayjlwxyfy^^^ i: L-CfflV^$3g£\ S i 
N^ — v^^^^iS^^y v^y nyifD^i 9 fc+5H-31< r. £ 
25-C£5fcfc % S iN/^-y©I§H:i<t^. -^r^l^ SiN^^-y 

Additional objects and advantages of the invention will be set forth in 
the description which follows, and in part will be obvious from the descr 
iption, or may be learned by practice of the invention. The objects and 
advantages of the invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out hereinafter. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
FIG. 1 A- 1 Ffi^iCllOlI^I^SMOS f7^^©Si 

F I G. 2 A- 2 DttfnlMO S F7>^^^ h M^TMiOT 

F I G. 3 A-3 E^^0J^^2CO^JfeMi-#S-7 7^v'^-^ ; ey-fe^^M 

FIG. 4 A - 4 B UWl^V -fe/VO^jg^— h tt^OT^Mf 



f ig. 5 a- 5 Eit^mm(Dms (DfcmMm&xTfzn&T&mfc&zMo s 

F I G. 6 A- 6 Gte^BJcDfU ^HWR-^SMO S h 7 > V* $ cD^it 

F I G. 7 A- 7 E{»3§ej<Z)||5 ©|Mll:#5MO S b 7 ^ v 5 ^ * <7)fit5t 

F I G. 8 A-8 G\tt%W<T>%i6(Dl&MWK&Z>MOS V *7 > V * # <DWk 

FIG. 9 A - 9 Glt^mm^ 7 (DmMm^^^fW^^ ^ ] J ±^(DM^: 

FIG. 1 OA- 1 O B\*$£J£(D&Wtfc'7v-tX%7F-t'TMWr&M, 
FIG. 11A-11 Bi$&te(Dfa<D&mkZfv±X&m-tTmXKftffl, 
FIG. 1 2 A - 1 2D[j:»!i V ^ 7 7 ^ -cDfg^l £® x.fc$C*|lliM 

MOS h^^^o^jfo^&^H-xSHPrffiEk 
fig. i 3 fiife^^H^c^-eSfe-fk^ffo^i^y ^^^^bj^^v-y 3^ & 

f i g. i 4 feyfy^/m^&&tf*^mn,^~t:Bik%:fT<>tc^v ^^m^-it 

fig. 15 a- i 5 ctz$£te<D&tmtf*&ffl%. t P-e<D&&4kiz-£. vnbtifc 

FIG. 1 6 A- 1 6 C\t.^t^<Dm.MiJ^m% x ¥'^(D^Mit\Z. «t 

fig. 17 mfeM^mt^m^mkhfc^y ^>-mkm%^fc*m{*mm<D 
fig. is «^i^om{b^irm^L^^y ^^mtm^^^mi^mm 

The accompanying drawings, which are incorporated in and constitute a pa 
rt of the specification, illustrate presently preferred embodiments of th 
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e invention, and together with the general description given above and th 
e detailed description of the preferred embodiments given below, serve to 
explain the principles of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

i±SLfcFpm£U-o^-Ct£0J1-6o r<DFMJS, FIG. 1 OA-1 OBSlfc^T 
FIG. 15A-15CI:, ^^(Dfek^W7r^^<D^^\zX^M^^t^ 

3 <z>TjftS3o&<ffctf5ji£#< ft3fc£>. «^y ^^19 3©w»tiftfy 

in^ofciWotll5 (FIG. 15B, FIG. 1 5 C) 0 

r©j;5^i^ ^^S{bsi9 5 tp^g&atga*, /Ky^y^^si9 

3 ^<D#BtC5 X 1 0 13 c-2m£t._L, fcSWistfy y 3^119 3 ifi^^v^y =* 

^8&MsJg9 5 ^o^m^Jt [N] / ( [O] + [N] ) asi%£U:-e5lit£ 
^ y ^ yss 9 i ©±t#ftt 5 ^ y =■ iftl 9 5 (4, vD^ys 

- X if- * f4 7p+^{n ft 5 0 

;;t\ vy 3^m«9 5 ^(Z)^^?tit^jf v^m^, #^^y=i^s«9 

il3= ft < ft 5 fca6, *° y y 3 >M 9 3 <DT#b§& ki/V =* 9 1 £ <£>Eg«ifi 

j£ri*e>ft< ft 3 (FIG. 15A-FIG. 1 5 C) 0 
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mtm9 5*p(Dmmm.i$s£ [n] / ( [o] + en] ) &i%sx±.xmwt?£% 



iiSfcfe, 7°n^x^v-> ? 0m(-j;5mK3^»^^+^^^^ (FIG. 15 

B, FIG. 1 5 C) o 



^Xxtl^f^fflft, FIG. 1 OA-1 0CC^tJ:5 W-^iyf ^ 

{% i (Dmmm) 

FIG. lA-lFil »i^com ^fl»lH-#>5MO S h7y^^©l 
ityj Sr^-t" xmEKf ® HI S o 

fig. 1AI:/Tti5l:, ^ U = l <D^fmzi±±\f ^fif^m 

^mmit&xmz 3 nm<D^v ^^mtm (^m^) £?£j&u a&v^-c— mt;^ 
* (no) #HM-t:ii*yra£tTi\ ±iBv^y ^^Mi<7>s»ffiftij^5 xioi 

FIG. lBl:*fj;9^ ^Ht ; eyv'7y^^tLPCVD 
fefd J: V , i/V =1 lsWt&4tM2 ±.\z.%L£ 15 0 nm©7> K—^CD/K U v-U^y 

(B) Sr^^&A-T^ £ (c iot, f-Mi^.cStt^^y^^^ 
II 3 Wt5 0 

::t\ K-^>- R^zf Ate, f«l£&:£^TfToT%&l\ K-^° 

yKttti (p) , ttii (As) f©Kt-^fflt^tlv\ ^*5 S m^*5v^ 
T2' i3 (Dmmmxm 1 ^m^^xmrn-r^fz^^^h^x^ k> , *n 
mmt\±mw^\ ±MY-^>v(Dmx\-±^mtw\m^n^x-h^L-. 

FIG. lCt/Tt±5C *1 3^H3_h^7^- hl/v^ h^'M 
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JSfcln, FIG. lDH^t<fc5l^ Uv?^ i: LtiV\ 

LfrtfSPj, 9 0 0°C, 10^, 1 3 0 P a (D^#-tfvMS?rttV\ FIG. IE 

t @?nt © sjS t*£ c 5 » 7 * ^ ^ «fc t) ft t> ti & o 

FIG. lFC*fj;5l^ Mtfl 3 ^r-r^ ^ ^fflV^T 

N MOS h7V^^^t5 0 

FIG. 2AH, *Ii^©^t «t tJ^fftbfc, bmtl3(DT^fi{f 

fc&2tp<Dm^9kM&, ->y =i^S*Kl ££>#®ia^te:*3V^ 5 x 1 0 13 c m" 2 
£Lbfc5#-g\ ^St^^H^TiiBHb^t? £ , FIG. 15A 
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3<DTmt y-*/Kw^&6 b<Dm<DVBM&&<teix, bmm3 

&38, FIG. lECIgtlt t / y i o TtSft IrlTo 

m^b#iciiS(7)^t:^iiJp-rti«\ fig. 2 Bd^-fJ; 5 FJtI^JI 
Sterns 5 „ 

-t^Srii5Pi"tb«, FIG. 2C^ti9('> MtfM 3 ©T^if <£> ^ 

„ mmtfx#mnx&mk%ftiitm& («&#t) ©fig. HAatgL 

FIG. lAOIittt, SSHbll (^0^) 
U->y ^g^Wl^^ffMLfc;^ MHt^Sf (N 2 O) fiMfOfiM 
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f»(WI£T^^T (NH 3 ) flM^tlMIt^i^iM^ 
(f§ 2 OHJg^J) 

FIG. 3A-3EI1 «B^(DI2 ©HMJt#5 77 ^ ^ ^ y 

£-f\ FIG. 3Al^ti?}:, ^>!i 1 <£¥±lfctfc-Bf bftfc^ 

«®W(C^*|a^i:b [N] / ( [O] + [N] ) <Dfc?-*lfiri5#U 0%£&5 

2 zmm-r 5„ ^ y = ^^{bii 1 2 (dii«miij (&m%>wM) t mmmm^m 
mm.j&i£ en] / c [o] + [n] ) <D\?—?mhffii o%^s: ^iit 

tfcfc, FIG. 3 B{c^i- J: 5 i-^ i^5|sf ^ LT^ey ^7^i:^^7^ ^^rffiv^ 

fcLPcvDjsiati, i/^yiiftii2±^ y 

>^ K-7°$tLfeff$ 15 0 nm<Dfefe$i(Dtfy i^V = >SI 1 3 *J&jfctZ> 0 ^ 
£<£>^ FIG. 3 BlC^-f-J: 5 « ->y = >ll 3±(dftMMit§ll 

4 . » b mm t ft -s w z- it k w? ^ k z-^fctf ^bd i 

[H^L&l^v^ b/^^ — b LTffll\ FIG. 3C}d^-f- 

7^^^lAL^^t, 9 0 0°C, 10^, 1 3 0Pa©^#tI^l^T5 
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zt^\ fig. 3 D^-t-i 5 /K!J->y=i^ii mM^f—hmm) 13© 

#1 7<DMj&j:m.mz.ft otfcii\ 

^/^mmm) i2Wmw^s», si^ Mil 3 

FIG. 3El^fi9i^ IJi^Mgl 5^v7^tffl^TK- 

J&LT, MOS h7y^^^Mt5o 

FIG. 4At, *mMW<Dj?mz.& «9 , ^58^— 3<Z>TC8ffi£#<£> 

h mm 1 3 xxfis y =r 1 1 y =t ^m^si 1 2 

^^lllMit [N] / ( [O] + [N] ) #l%^±fc5i&£\ g&ftf^ffl 

$L-e&wtfc&ft 5 1 m^(Dmm) , fig. lSBi^Lfcipwwo 

xt* — ^mt(omftK iot, #3g^— MSi sorra^itfy-^ 
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Jfe*3, FIG. 3D®Ig1?li, tH7v ? ^/vflMt'e©lMltJ;!)ii 
t/y^ii7 '^^^^fflv^fcf ifttl?!^- MS 1 3<DT 

*gBi£^^y =L>mmtm (h>^mmm) 1 2 ^©^*^j«-f-5 - ±& 
^fc, fig. 3 c©igt\ *°u ^yii 3 &s*#—~>yirz>mz, 

is}) =t^MUl 1 •$iX^y t ?^y£tiX^Z>t§&<D s Mgl 3cDT^ 

SPifi^Ofe^HI^F I G. 4Bi^t. EI^, Mll^^f^iSiftJtft^^b 

^Stf^H^-C&MsLfc^ («»f) ©FIG. 16B£Jfc$fcLT, 

H^fgfn $ ft, £ i/ y =r ( h 1 2 <z?3EMI 

±t5 0 h >^ /infill t Ltv' U 3 ^iS-fbll^rfflV^fc^-^-ib N HHHtf^ 

(H 3 £>fg«J) 
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tltmZf^(D^\ m-e^FIG. 1 A- 1 F£ffl^Tt£0J£fT5o 

ft, fig. lAt/Tti^t, =t^mmi <D^-mz.i±±\fhtiitmm 

JJfC3fsfi LT^/^y^fflWcLPCVD&^j;^ ^ U = >-S{ kffil 2 
' ±K1J¥£ 15 0 nm©7yK-7 , (D* I !j V y =i Vfll^ffM U it^Tr<DT^ 
K^^^° y y n yUli LTiKn y (B) HtyftAtsri 

iaot, fig. 1 bic^-tj; 5 ^-Mft^^«Ko*"y^y2y 
si 3 &i&f&-rz 0 

^KtLti (p) , mm (as) Y-r— %m^x h&w _lie k-^vk 

FIG. l ci'^-t-<t 5 #U ->y 3yl3ii:7i 

fig. iDi:/Tti5{-> i/^t>/^-y4^7^Htii\ 
*°y v-y ^>-JK3 K^^^^lcj; ^/^-^y^tt^ b«tl£^J& 

rt^^^i7]<*OM-a-^^ (ii5 0%) ^AL^^b, 9 0 0°C, 1 0f>\ 
6 5 0 P a ©^#tiMI:ff 5 r K\ FIG. 1 E fc*M-,fc 5 

®3<ds® am®, ±®) *5=t^v/y^^M« {^-vmmm 2' ©iffit 
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FIG. lFi^tiM-^ ^- hSi3 ^v^^CIl^t K-^y 

, MOS h^^v ? ^^^^-f-5 o 

FIG. 5At, ^HJS^JO^fcj; 19 7£j£L fc, ^'-Mi3©T«f 

mmv ^^^^^^m^x^mit^n ^x\^z><dx\ Menu (->y=i 

^b\c^-hmmm 2' 
mm) mm (fig. isci^uw) £j£tSL-t\ ^-xt-^« 

FIG. 5 B^-f£ 0 fc, fftm<DW-t5(D'i3kmikWk5 Sr#S - i:^tl5 

o 
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Self) 2' *<DmmmMTzzktm*L<te^m&Kte. &&4ko'&fcM*- 

Srii^p-TJxWf, FIG. 5Cl:^tJ:5t, ^f- Mi3©TffiM§©->P ^ 

fig. iDoigt\ ^y ^y =^jg3 ~i/i?-t&mz, v- 

(7)S£AlEl?rF I G. 5Di:^f 0 13 >K LTV^ 

o 

'ftm&ffi-vfozwtmtfx&m&tp'vn&mk (fig. ho ^m^lt, 
« w-vmmm) 2' ^osst^ratu M^+^^ttf-rsfc^ ^>y 

^>m& l<D±$m-&£W— MS3©T»At ^WSW-ftSo ^ 

mm) 2' z^Km^Ltcm, z bKm^mntctK fig. seic^-tj; 

^*Sff^^^^#Hm-e^^bbfeiJ^ (FIG. 1 5C) iJtUELT, 

*WJ©->y3ylftl (^-Mfe^Il) 2' te. J^^fir tt*/ ^7 ^ t 
Ty^T^ffl^fcLPCVDMiL/:^ ^7X7|ftfe, J VD (Jet V 
apor Deposition ) ftH©ffll©*S^Ltt, PHU^&J^tf^ktlSo 

, v-y^^Hl (^-hffilM) 2' tpizi/y =t>tmm£k^(Djtm^~£ti 

F I G. 6 A- 6 Htt;£3gPjCDfl4 <DHMJ^#6MO S h^^v^^S^t 
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FIG. 6 AK^-tX OK, MOS ^^^^©l^V^fli^fcft 

(75 J? £ 5 nmO^y = V^g-ffcflg2 2 ^^0«ft/«fel!JfMt5. ^ 
R— 50keV, 3 X 1 0 19 cm-2©i#TMtyaAffil'J: 

1-5fc&<DT~— /V&MX-f* 1 0 5 0°C, 2 O#0D^"e^f5o 

fig. 6Ai^tJ;5i:, i/y =i^wtmkm2 2±.Ktf-hmmtt£ 

5J?$1 50 nm<£>#!J U = l/Wk 2 3 £r C V D8;T*£flf LfcfU l^^^y 
SI 2 3 Sr^y^y^i*-5^^>^^^ iLT©S i N/^ — ^2 4 t 1 0 

0 nmOV!) n :/^ffcIgS£jK y v- U =^12 3±CCVDMlt5o 

iKlC, FIG. 6A(C^fJ:9(^ 'J y^7 7^^Kf^f^t, "ISa^'Mfc 
#g (lOOnm) ©^-M/^h/^-y (I2^L&^) =^>Mit 

LT, S iN/^-y2 4Mt5o 

_blB^— — >-£Bfc*U is}) = V«2 1 Sr^M^y^ 

AL^f), 8 5 0°C, 2B#RSK 1 0 0 P a 0£j#-?®Hfc*Q;JI£fT V\ FIG. 
6 BSC^i-J: 5 (c N Si N/^ — ^2 4 (DKffiiSSiCff § 1 0 nm©->!) 

fcii£2 5 ^Mt5o ^ y v y = >m2 3 ©iMi:t ^ y = 

-ft:Il2 5(iM^ti5„ 

s i n/^ - y 2 4 (Diitt t y n y tftl 2 5 ©iffifitij:, mtmis< 

SiN/^-y2 4©fStti^t8 0nmi:4^ !)V^7 
:7^-<Dfg^£®;ifcMeiMX<Z)S i N/^->-2 4dS#bttS 0 &4b\ Si 

S i N/^-y2 4 (7>TgB<^Ite 8 5 nm^5 0 

FIG. 6Ci^fiM^ ^MlSll2 5 ^t7yWT#* 
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^y^-^U i8 5 nmoy- MtH 2 3 Sr^^ci"S 0 ^<£>^ S iN^?- 

FIG. 6Dt^tj;5^ 8 5 0°C<Z)^-CM^SrtTV\ 5 n 
m(7>««l2 6 Sr^y = 2 1 , JJ = V|fegteflg2 2*3<fctfy>- hffi® 

i^C, FIG. 6DC/7tJ:5l^ h«^2 3 Sr^^^^LT, fll&tfl 
OkeV, 5X10l 4 cm- 2 ©^n\ -f t^aAifet «t 9 K— b t bTflt 

5fcftW7 = -/^ifi8 0 0°C, 1 0#<D^#-Cff 5 - ^pXTls^ 

feswi^flitJK #y v-y =3>i^2 ssrapx-rsitr^o-c^^v^ 

FIG. 6 EC/^t i 5 W K^t-/^^-t 2 8 t /j;5J|$ 5 
0 nm<Z>^y =r>-^{bII^C VD?i"C^ffi^iiaU^^, ^cDv-y nyfftliS: 

0 n mffc^o 

FIG. 6 E^^i-J; 5 f-, 60keV, 5 X 1 0 15 c Tcr 2 (D0kW'V^ 
^iALfef, K-^V h^rStt^-t-Sfc&OT^— /VSr^^f^l 0 0 0°C, 1 

m^, fig. 6 fj^-t «t o mthhx^^^mtm2 e -^^y -ymm& 

#:JC, FIG. 6Gl^ti5l^ 5 0 0°C, 6 0f©7=-;K 7 7 0°C, 
3 0#OT^-^^JIi^fV^ ( 2$kmT=--?V%:ft\^ s ymM2 3& 
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i/!) 3 yl2 3 ^LT^f-^ittJUb/^ti^ >-y 3i^b]&3&>b&5 S i 

^g^Uf M&^ffcsflg) 2 2te:/^x^^-^ ; £rStf&i^-£\ h 

lfef*Jgl2 2 <7Mf MOS b ^ v^^o#t»»j^ 5 f^HteiS- 
"cS o 

£i\ FIG. 7 Afc^-fJ: 5fc. MOS b^^-^^^cDb^VMfi^lJ^cDfcfe 
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fcfc, FIG. 7Al:^ti5l^ i/y ayift!4 2±I^Mffii:*5 

ff£ 10 0 nm(7)^y ]) =>^SI4 3^CVDM^U £ M-J¥£ 1 0 0 n 

^X^JSM 4 Sr^y^^^i"5^0S i N^* — 1 5 0 nm^v- 

y 3^^H4 5 iSrcvD^T^-rSo *° V 3 ^314 3 £«fct 

ik-f&fc&<D v-^>- h©iAft, #y vy ^^14 3 #y^y 
=i^ii4 3^m^mm4 souunzn hzwz&fflto®. (#y^y 

7Ai-, fig. 7Bi:*fj;9t, y y^77-r— KflfSrfflv^ i|@tfs*'H& 
■Pi (lOOnm) h;<? — > (H^L&W l:Mt, 

^^lcLT->y 3^S^il4 5tf>^®£ 10 0 nmfcttR I Efe^J; ^y^-V 

«4 5©I|«5 0nmi:/j;5o :©f, ^h^^f/^-y|r^U 

^y nyst4 i %y ^e— h^^x^gi-fb^^JRA-f-So 

y^f^7X-7i»M7^^iALW^, 9 0 0°C S 
1 0#\ 1 0 0 P a ©^frtiM^lfV\ FIG. 7Cl^t«t5l^ y 3 

^Sfbii4 5 (Dmmmm^ff-^ lonm^-^y^ >-mitm4 6 ^^-rs 0 

^Ht'J:^ ^>y = ^^4 6 tr^bfc^^^y =*v^fbSl4 5 Wifrg 

^sr#5 c t^mt y— bm^^^-^^^n^^v-y 

TjfciC, FIG. 7Diu^fj;5i^ y =i yllt;l4 6 7 ^t^t** 

Lfctg, ^y =iyifti4 5©^bitr i E^x^^y^u> y— 

— isSkftcomi&oi/y =» ^mtB4 5 £rl&irLT, s i — -yteMtfrtrZo 
FIG. 7E^ti9(', S i N/^-^4 5^^^^tL-C^yy' 
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^7^14 4, #y vy 3 £r i E&TJUl&^y^-^u stfy^y^ 

5©HftIi (FIG. 7C) fc&l^ #l/y* J r>m4 41ft->y ^^^itfe 

(H6 coMMM) 

£1\ FIG. 8A\L^1-£o\Z, MOS h7>yx#<DV%\/^fflffl<Dfc#> 

tf)J¥£ 5 nmcDv^y 3 Vg^fcflg 5 2 do J; b t ft £ 150 nm(D 

*°y vy =*>m5 3 ^©CVDft«t5, 

-hlS^-Y^/V K-tfy^fi, 150keV, 3 X 1 0l 9 cm-2©##T^iy 

h^St^b-r^fc^cDT^-^^^J^fl 1 0 5 0°C. 2 0#(D##-^tr5 o 
% zjfy i/y 3 vii5 3 ?ff£ffi^b-rSfefe^ K-^^ b<£>^Af^ ^U^^y 
815 3<Z)j£jg|£I^0#, #y ->y ^§|5 3 Sr^Sfc^ TUTUS 5 3^PX^rtf 5 t>K 
&5l^S^fikffc<£>^ '>y =^Il5 3 SrJPXLfc^) ^?foTt&V\ 

FIG. 8AC*tJ:5^ *!->!J^yl5 3©SStJ?§5nm© 

^y =i^mitm5 4 %mm{tm-?j&j&is±&, >-y 3^15 4±^j?£ 1 0 

0 nmO->y = ^^fclgg 5 5?:CVDMMt§ 0 v' y = ^B&ffcl& 5 4*5 JzU* 
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^u=iyifti5 5ij;, zti^ti, #y vy ^>ms 3 ^^y^w-t^^^ 

^ Lt©S i 0 2 — V*3<fctfS i N/^-V^&So 

fig. 8 B^-fJ; 5 y y^7 7^— SW&J^T, *ItfSifc/h& 
*g (lOOnm) (S^Lft^) U -^^^ 

^^ICLT^y ^^^kSl5 5, v^U nyfftis 4^RI E&TJffi^ y ^ 

^ut, s i o 2 s<?~^$o£x$s i n^°^— ^£7#j£-f5o ±iay— 

AlW^, 8 5 0°C, 2B#ffls lOOPaO^tlSM^K F I G. 8 
cfc^-f-J: 5 ^ S i02 /^-y5 4feiu t s i N^^ — i*"?*? 5 5 OKtU 
^BCJ¥$ 1 0 nm©^!J 3ygfeftK5 6 S:^t5. ^(Dt%, ^'J-y^^ 

S i N/^-y5 5(DM{^Sii/y 3^15 6<DWm&M.K.s fi^L< 
^ftfCfctK S i N^^^ 7 — 5 5 CDtfjgf^; 8 0 nmi^O, py^77>f- 
^ffi^&S^fc^iM XOS i N/^-y5 5tfS#b*L5„ £ib(3l, SiN^ 
^-^5 5<DT$l$te, B&fb^JWffiSfc^iiV^vy = ^Bfefcflga* & 5 s i o 2 

fig. 8Dii^tj:9^ ^>mitm5 6^^y ymmmvm^ 

vil 5 3\a-±, m^5 7 tiz> 0 

FIG. 8EI:*ti9i:, — ^5 4, 5 5^^^iat, /K y 
t/y =2 V§|5 3 I Efe-e^5/^V^L, ifS8 0 nmoy— bfi;ffi5 3 

i-5 0 -<z>^#, *°y vy = vii5 3(c^$^fcMSB5 7<d&w-x?, ?—hm 

15 3 CD_L$^ y >? 5 8 tt^l^5 0 

FIG. 8Fl^tJ;9(^ S i — ^HI 5 5*5<fct^ — 

SI 5 2<Dgtfiias#£:, vy =j V^bll5 4 <7)£f£i £ y ^S£3g?£-CBfc* Lfc&, 
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FIG. 8 FiC^i-J: o (C N 5keV, 5 X 1 0 14 c m' 2 ©|{W t 
>&A&^J: «9 K-/^ b t LT7 ytetf: ^fit^ ^ y£#®Mbflf 5 9 £iILTS 
KSffitlAlfci, K-^V b£^t£te^5fcfctf>T=-^&M;tJf 8 0 0°C 

FIG. 8 F|:*tJ:5^ t-f K9f-^^t6 1 5 

o nm^y 3yi^«:cvD^si:iiau^, ro^y nylftlS: 

4££tl(D:^ y^-/< -y y~ R I E y^y^L, iM K £ — /V*^— If" 6 1 £M 

FIG. 8Ft*ti9t, 60keV, 5 X 1 O^cm" 2 ®!^ 
rtS^AL/c^ K— b£^M:1"5fcfc^T =— /v£0!l;ttf 1 0 0 0°C, 

K W 6 2 eMt5 0 

FIG. 8GII*ti 5^ Kffi LTl^«^lll5 9 & 7 y S&}g$fc 

5 0 0°C, 6 0#©7--/K 7 7 0°C, 3 0#©7^-^^I^Ito-C (2g 
PtT^—zV^oT) ^ b«®5 3*3 J^y — ^M^6 2(D±U 

b^y im KHI6 3 IrMt^o ^tf)^ 
3 0 ^-Mi5 3 <Z)±^^ffM$tL7c:3/^V b^y KII6 3 ft, 

/r- bm@5 3(DJif^y ^(D^^SrSlSfebT, -^O^Mffi^t < & 

yy3yllt:l5 5 ^^gil^fflv^-cv^ 0 ^>y ^^mtms 4i$^v 
=n/mtm5 5 xk> i>m<kffl<n&mtim\<\ ^(oitt>, m^^- hmm^nm 

ft #><DmkX.U (FIG. 8C) {C&^T, ^hSttll 
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t.1t, Mi 5 3 ©±|5M$tlfc3/^ f |j f Ki6 3(7)Sffil 

7^#^fc£\ MS5 3 cDSJn^ajPr^KlTtf 5 - MOSf7 

FIG. 9A-9Gii, *^P^cD^7^)^M^#5^S^tt^^y ir/K£>jK 

FIG. 9Atu^fj;9(-, b7^**^L#lMiiffiJ#P©fc*fc*? 
b-f^Lfcv-y 7 1 W^B^, b l^^/v^MMt L-C<7>J¥£ 1 

tf— b1&Bi<£>TJi£ft5J¥& 5 0 nm^y v^U = ^JJg 7 3 ^ VM^fll 
7 2±tCVDS-eMt5o 

FIG. 9B^^-TJ;5i-, y y ^^-Sfif^rffl^T, ifrg&iOT 
m&Mn'Wm% (lOOnm) (DM/^f W-^F/^-y (El^L&W 
~>y =t>il7 3 ^ti^v^^tLt^y v-y =>^SI7 3, i/^y 

HM7 2 4 v-y ^>-s«7 1 §tr i E,mz J; "9 xyf^u, m^mm 

(Dm& 2 0 0 nm(D b U^^tT^ScU &fc±fa b l/^f b^* — 

4Lt^?>, ±te b i/^^^^^^f^if t u-cov-y 3^m-ft;il7 4 -cafe 

b ^^^-^§[5(D?F^^^y =t^^{bSl7 4 ^rCMP& (Chemical Mechanical Pol 
ishing process) USSlStS: J:?lT9, ^Sft v' V ^WMtB 7 4 (DB£% C 

FIG. 9 C^^f" «fc 5 bti^O±Jli:^SJ?:$ 8 0 n m 

<d y > K-7°h#y vi)3yg7 5 srcvDfeT?^B^*ifSufc^, y ^ 
b/Ky i/y ny|7 5±KJ¥£ 8 o nmo^y ^^^bii^^^a, vmm 
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s i N^-y7 6ii, vy *ymik&.tfci&ft£xfmm*MfrBM (1 o o 

Al*^b, 8 5 0°C, 2mm, 1 0 0 P a ©^■Cf^ffiSTfT 5 - ^"Cn fi 
G. 9Di^ti5^ S i N/n^ — V7 6*5j:t/y V K — 7° h^V ^ ] J =*>f& 

7 5 (Dmmmm^m^ 1 O nmCD^y ^^^fll7 7 £IMW£T*£1-3 0 ^ 
y 3>-^bIl7 7tiV ^K — ^h^U v^y =>^S17 5 %^y?-l/?-tZ>U(D^^ 

FIG. 9Dl:^ti 0 J¥£ 1 5 0 nmOi/5 =i ^-ffclg 7 8 £C 
VDfet^EtJtit, S i N^* — ^ 7 6 <DRS M&Sfc5„ v-y^>®Mil7 

8 y ^ k— ^ b^°y v^y nyi7 5 sr^y^^-f-sggo^;*^ £%5 0 

Ik^s FIG. 9E|I*fi;3i^ S iN/^^y7 6^CMP^fy/^l 
V^T. S i N^^-^7 60iB#gffif§f t\ ^^y||ftl7 7, 7 8 £ 

cmp m^m^xmm^^mtL-t^, v >&mwLx-s i n/^-^7 6&i&* 

f5r K% v-y 3^^bBl7 7, 7 8 ft 5 "161 2 0 nm(DS i 0 2 

^{d, FIG. 9Fi^ti9t, S i0 2 /^-y7 7, 7 8^^ia 
Ty VK — ~f i/y nyl7 5£R I E?£-e^:y^:/^U fgl 2 0 nm<D 

#iS^- h«SO±SSr^i-«5 0 o httffitf) P«Jt, 

y y^7 7.f — <£>RB|jMig 10 0 nm i <9 ^$5V> 8 0 nm(C^J^^^5 0 ^(D^, 
Si0 2 /^-V7 7, 7 8 Sr^r^ylg^T^i-So 

ftl^ FIG. 9 G^1-£ o fc, hmS^±S 7 5 <7>®!±}M&II 

%mtf— ioo nm^y >- k— -f ->y ^>-^s o % 

*^M^!lXi4s *°y^^Vl7 5^x y fy^t5i©^^^i:tt, ^y 
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->U 3^117 5 Kn^X^y^y-ymUVGfrMtlZ) S i O2 — VI 7, 7 8 
£^-Cl^6£>T\ Si0 2 /^-y7 7, 7 8 W77^^ bJ:t;£it5< ^3^^ 

% 0 £p>tc % sio 2 ^-^77, 7 8frmtiz>t^^mmh&^b^\ 
^mnifm-ea. s i o 2 ^-^7 7, 7 sowpbh:, s i n/**— 

t 5 mst * fc it * y>m <z> y 9 xvtftt & ^ v ^ 5 ^ ^ -c- # 5 „ 

Additional advantages and modifications will readily occur to those skil 
led in the art. Therefore, the invention in its broader aspects is not 1 
imited to the specific details and representative embodiments shown and d 
escribed herein. Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive concept as de 
fined by the appended claims and their equivalents. 
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WHAT IS CLAIMED IS 

& 5 x 1 0 13 c m-2£JLL-cfo5 ^ — A 2 i-HESc W>H#^!go 

4. fulfill ©*fe^«$ bfc^Sr^, ffjfsm2 (omWM(F) b *>lf|5^ 

f««*5j;(^tufs*mii^ ^^^^ awit tfris^ 2 ©^itn^a o oas 
6 . miajg i (Di&Mmz?— hmmm, mmmmmn^f- hmmxhz? ^- 
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9. mmmmz, mm^^t^yv ^ymitm^^^v ^ymtmo-^x 
i o . Mm&mmfcsf- hmmmxh <o , tufswxjsi^nxL-c^- hmm 

z>^mm&i)K 5 x i oi3 c m-2&i±t^5j: o mmmmm%Bj$,-t%? v 

tfifSlfeltII±^ Wxif Sigh 

mmmm <D-mmm-r^-<< tu te» xjsmp x-r s x@ 
<D-%&^t*mk&tfx%m^xmik&m&m-rxmk. 

1 3. nm&mmfe, mm%^&yv ^ymitm^xn^v ^ymtm<D-^ 
i 4 . mmmmmit^f- vrnmrnxh <o , mmmunm^unLx^- hmm 
is. Mfs^Ma^ft 5 fro, ttiffi»si(7)tuf2^f«^io#ffi^$5ft 
-a i 2 \z.tm<D^mw- s mw(Dm^mo 

i6. >-y 3yi^SJraii±c->y ^yifti^^oM^^t^ 

1Mb, 

^S^^-V^r^-rsxfSi:, 
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nut 

19. tufE»XSl^, ^r- Mii/i5t©t^5^ U-A l 6 JcfEi&tf>¥ 
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ABSTRACT OF THE DISCLOSURE 
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FIG.1A 




FIG.1B 




FIG.1C 




FIG. ID 




FIG.1E 




FIG. IF 
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FIG.2B 
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FIG.3A 



FIG.3B 
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F I G. 6A 




FIG.6B 
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FIG.6E 




FIG.6F 




FIG.6G 



FIG.6D 



F I G. 7A 



FIG.7B 



F I G. 7C 




45 



V7P 




,44 
.43 
■42 



-+-41 




F I G. 7D 
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FIG. 8D 




FIG.9D 




FIG.11A 



FIG.11B 



FIG.12A 



FIG.12B 



FIG.12C 




FIG.12D 
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■t* (900 o C,30^ t 13kPa) 
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FIG. 13 
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*^>/»* (900°C,30#,130Pa) 
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FIG. 14 
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FIG.15A 



FIG.15B 
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FIG.15C 
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FIG.16A 
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FIG.16B 



FIG.16C 




